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Abstract 
In the paper, the assessment of food security using type-2 fuzzy system is presented.  For this purpose, the input parameters 
cereal yield, cereal production, and economic growth are selected and the relationship between these parameters and risk level of 
food security is determined. The relationship is represented by using IF-Then rules. The values of the parameters in the rule base 
are described using fuzzy linguistic terms represented by the type-2 fuzzy sets.  Based on the fuzzy rules the design of type-2 
fuzzy inference system is performed. The system is tested using Turkey cereal data for the period from 1961 to 2012.The 
designed system is applied for assessing food security risk level and prediction periods of impending pressure on food supply. 
© 2016 The Authors. Published by Elsevier B.V. 
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1.  Introduction 
The food security is defined as the access of all the pupils to sufficient, safe and nutritious food that meets their 
dietary needs and food preferences for an active and healthy life1. Food security covers a wide area and is 
characterized by a set of different factors. The papers2,3,4 analyses different factors affecting the food security. In 
many countries a number of factors has resulted in the deficit of the food.  Biophysical, social and economic factors 
are examined for assessment of potential risks of food insecurity. Considering different references2,3,4,5 the food 
security is represented by set of following factors. These are the food availability, according to the needs of the 
person; food affordability, nutritional contents, safety, food-system resilience and consumer confidence. Various 
indicators can be used to represent each of these factors. It was demonstrated in6, each of these factors is 
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characterized by various indices describing the food chain processes. The values of these factors are imprecise and it 
is difficult to describe them with certain numbers.  
Risk level o food is defined as the hazard caused by the possibility of negative actions. Uncertain availability of 
nutritious and safe foods is also called food insecurity that can be measured by risk level of food security. The 
determination of risk level of food security is an important problem and related to supply chain environment. One of 
effective way for solution of this problem is the use of fuzzy sets theory. Nowadays in various references, the fuzzy 
logic theory becomes one of the important tools for determination of the risk level of food security and also for risk 
management7-13. In these research works using various factors, the design of fuzzy rules is performed for assessment 
of the risk level10,12. Using the rules the importance grade of each input  are determined. The design of IF-Then rules 
for a fuzzy system for determination of food security risk level is presented in14. Three important factors- cereal 
yield, cereal production, and economy growth are applied for the determination of food security risk level. The 
values of these factors are estimated linguistically using fuzzy values. 
In above research papers, the antecedent and the consequent parts of the fuzzy If-Then rules are basically 
designed from numeric data sets or linguistic information using type-1 membership functions.  However type 1fuzzy 
systems cannot handle the effects of the uncertainties in the rule base when there are uncertainties associated with 
information in the knowledge base of the process. For such case then type-2 fuzzy sets are efficient tools for 
handling the effects of the uncertainties15,16. Four types of uncertainties are presented in16. The first one is related to 
the answers of experts to the same question in different manners. The second type of uncertainty is related to the 
evaluation of the membership function of the same linguistic value by different experts, the third one is related  to 
the noisy measurements and the last one is connected with the noisy data used to tune the parameters of type-1 FLS. 
It is too difficult to model these types of uncertainties using type-1 fuzzy systems. Type-2 fuzzy systems provide a 
powerful framework to represent and handle such types of uncertainties due to type-2 membership functions used in 
the modelling of such kind of processes. In this paper, the development of a interval type-2 fuzzy system in 
modelling these uncertainties and assessment food security risk level is considered. 
The paper is organised as follows. Section 2 presents the design of the interval type-2 fuzzy system for 
assessment of food security risk level. Section 3 gives the simulation results. Finally, section 4 presents conclusions.    
2.  Type-2 Fuzzy System 
We are considering the construction of type-2 fuzzy model for the determination of the food security risk level 
using input parameters cereal yield, cereal production, and economic growth for Turkey. In the references13,14 it was 
indicated that these three inputs are good indicators for overall food availability. For these variables the term sets are 
determined. As the input value, the cereal cereal yield will have fuzzy values of high yield, normal yield, and low 
yield. These values are determined using the highest and lowest value of the parameter and divided the value into 
three parts. Fig. 1. describes the fuzzy values defined for the cereal yield parameter. The same approach is also 
applied to the cereal production and economic growth for defining their linguistic values. The ranges of each input 
and output are determined by referring to the data value in the Turkey.  
As mentioned, because of type-1 FLSs use precise type-1 fuzzy sets, they cannot fully handle the linguistic and 
numerical uncertainties associated with antecedent and consequent parts16. The type-2 fuzzy sets have been 
introduced by Zadeh as the extension of the type-1 fuzzy sets15 and developed and improved by Mendel and 
Karnik16,17,18,19. A type-2 fuzzy logic system can handle imprecise and uncertainty data to produce complex decision 
outcomes and minimize the effects of uncertainties. Type-2 fuzzy systems are applied for solution of different 
economic, engineering problems20-25.  In this paper  the type-2 fuzzy sets are applied for the assessment of  the food 
security risk level.  
After assigning fuzzy values for input and output parameters the design of knowledge base starts. The knowledge 
base uses fuzzy IF-THEN rules including type-2 fuzzy values of the parameters in the antecedent and consequent 
parts of the rules. In the paper, the triangle type type-2 fuzzy sets are used to represent the fuzzy values of the 
parameters. In triangle type-2 fuzzy sets uncertainties can be associated to the mean. In the paper, the multi-input 
single output fuzzy rules are used. The type-2 TSK fuzzy rules used in this paper has the following form.  
IF  x1 is jA1
~
and x2 is jA2
~
and … and xm is mjA
~
THEN  yj is ܤఫ෩        (1) 
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Here x1, x2, …,xm are the input variables, yj (j=1,..,n) are the output variables which are linear functions, ijA
~
  is 
type-2 interval fuzzy membership functions of the antecedent part assigned for the j-th rule of the i-th input, ܤఫ෩  is 
type-2 interval fuzzy membership functions of the consequent assigned part for j-th rule. In the paper , triangle 
membership functions are  used for ijA   and , ܤఫ෩ . 
A set of If-Then rules is used in order to describe the problem domain. The antecedent parts of the If-Then rules 
divide the input space into a set of fuzzy regions, and the consequent parts describe the system behaviour in those 
regions. Here, the main problem is the finding the antecedent part of the rules, such that a concise representation of 
the systems behaviour is produced in the consequent part. 
The type-1 is extended to an interval type-2  fuzzy system  by adding uncertainties in both antecedent and 
consequent parts of each rule. For each input i and rule j triangular membership functions (MF) with uncertain mean 
are used to represent fuzzy values of the parameters. Fig. 1. depicts the membership functions with uncertain mean, 
used in the antecedent and consequent parts of the fuzzy rules.  
 
 
Fig. 1. Type-2 interval membership function 
As we know triangular membership function has the following formula.  
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Here l, r, c are left, right and centre parts of triangle membership functions respectively.  
We apply this formula for designing type-2 membership functions and obtaining the upper and lower MFs. The 
upper ( )F xP  and lower ( )F xP  membership values are calculated using (2). 
In this paper, each membership function of the antecedent and consequent parts are represented by an upper and a 
lower membership functions. They are denoted as  )(  and )( xx PP , or )(A  and )( xxA . 
( ) [ ( ), ( )] [ , ]ii i kk k
ii
Ak k kA A
x x xP P P P P   
        (3) 
 
The inference engine computes the firing degree of the each rule by using the operation under the product t-norm 
between the antecedent membership grades of each rule. In the inference engine, the common choices for the 
implication operator are “min” or “prod” t-norms. In this paper, the latter is chosen to calculate the firing strengths 
x0.2             0.5              0.8     
Small          Normal         Large 
P[x] 
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as shown below, where * is the prod operator. The firing strength of the jth rule is an interval type-2 fuzzy set 
determined by the left most and its rightmost points, which are calculated as follows: 
1 21 2
1 2 1 2( ) ( ) ... ( );      ( ) ( ) ... ( )nn A A An nA A Af x x x f x x xP P P P P P                 (4)
where * is t-norm prod operator. Type reduction and defuzzification operations are next to be considered. The type-
reduction generates type-1 fuzzy set output. Defuzifier uses this output and convert to a crisp number. 
Defuzzification provides mathematical  formulas for the inner and outer bound sets which can be used to 
approximate the type-reduced set.  
If we use the centre of sets type reduction then we need to compute the centroid of every consequent set, then 
computing a weighted average of these centroids16. 
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Here Y is interval set that is determined by yl and yr,    [ , ]i i if is f f , il  [y , ]
i r
iy y  is centroid of the type-2 
interval fuzzy set in consequent part. 
Karnik and Mendel17 have shown that the two end points yl and yr depend on mixture of if   and if  values. 
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Here 
j
ff   and  j are determined using (4). Karnik and Mendel developed special iterative procedure
16,17 for 
computing the values of yl and yr. 
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Where  ],[ ii
ii ffFf   , ],[y  ri
l
ii yy  . Karnik-Merndel have developed algorithm that find switch points L 
and R and compute two end points yl and yr of type-reduced set.  
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Here switch points that can be calculated using Karnik-Merndel algorithm. The crisp outputs in defuzzification 
layer can be computed as follows: 
2
l ry yy

 
       (8) 
Here y is defuzzified crisp output. Although the Karnik-Merndel algorithm is time consuming but it is efficient 
for the design of type-2 fuzzy logic system.  
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3. Simulation studies 
The type-2 fuzzy system described above is applied for the determination of food security risk level in Turkey. 
As mentioned above the inputs for the system are selected as Turkey cereal yield, Turkey cereal production and 
Turkey economic growth. The parameter cereal yield is defined as the monthly farm gate cereal output measured in 
metric tons, cereal production is defined as cereals that are processed into food products measured in kg per hectare, 
and economic growth is defined as the percentage of gross domestic product (GDP) in percentage. The values of the 
parameters are represented using type 2 fuzzy logic and used for determination of food security risk level.  The 
decision making process is conducted with the inference engine of type-2 fuzzy system. 
At the beginning the design of fuzzy knowledge base using type 2 logic is performed for designing of fuzzy 
inference system. The knowledge base includes three input parameters- cereal yield, cereal production and economic 
growth and one output parameter- security risk level. For the construction of the  IF-Then rules the statistical data 
from World Bank online database for Turkey is used. During designing of fuzzy knowledge base, the values of the 
parameters in IF-Then rules are chosen as type-2 fuzzy sets. Each input and output parameters are represented by 
three fuzzy values. The assigned fuzzy values for the cereal yield will be high yield, normal yield, and low yield 
type 2 fuzzy sets. For the cereal production and economic growth, the fuzzy values will also be defined as high, 
normal and low.  These fuzzy sets are determined using the ranges of statistical data of input parameters taken from 
the web page of “Global Food Security Index”. The ranges of input parameters are determined using maximum and 
minimum values for the given period. All the values are scaled in the interval 0-1. 
After determination of the input fuzzy values, using the opinion of the experts, the construction of the IF-Then 
rules has been performed. The design IF-Then rules are carried out using all possible combination of the values of 
the input parameters. The input-output associations are defined using expert knowledge. In the rule base, the values 
of the parameters are represented using triangular interval type-2 membership functions. Fig. 2. describes the 
membership functions used for input and output variables. 
The output variable of food security risk level is represented using three fuzzy sets: Good, Acceptable and 
Severe. The knowledge base representing-input output association is given in Fig. 3. 
After designing rule base the design of fuzzy inference system has been performed. The system will use 
statistical input data and make a conclusion about risk level. The structure given in Fig. 4. is used for inference 
process. Fuzzification is used to determine the membership degree of coming input signals to fuzzy sets used in IF- 
Then rules. Inference engine uses rule base and input signals and makes inference process. Type reduction convert 
type 2 fuzzy set to type 1. Defuzzification is used to compute crisp signal from type 1 fuzzy sets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Type-2 interval membership functions for cereal yield, cereal production, economic growth and risk level. 
0.2             0.5              0.8                   x     
                 Cereal Yield 
Low                Normal               High P(x) 
0.2             0.5              0.8                   x      
           Cereal Production 
Low               Normal                High P(x) 
0.2             0.5              0.8                   x      
           Economic Growth 
Low                Normal              High P(x) 
0.2             0.5              0.8                   x      
              Risk Level 
Good            Acceptable           Severe P(x) 
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IF  Cereal_yield is “High” and Cereal_production  is “High” and Economic_growth is “High”  
THEN Risk Level  is “Good”  
IF  Cereal_yield is “High” and Cereal_production  is “High” and Economic_growth is “Normal”  
THEN Risk Level  is “Good”  
IF  Cereal_yield is “High” and Cereal_production  is “High” and Economic_growth is “Low”  
THEN Risk Level  is “Acceptable”  
IF  Cereal_yield is “High” and Cereal_production  is “Normal” and Economic_growth is “High”  
THEN Risk Level is “Acceptable”  
IF  Cereal_yield is “High” and Cereal_production  is “Normal” and Economic_growth is “Normal”  
THEN Risk Level is “Good”  
IF  Cereal_yield is “High” and Cereal_production  is “Normal” and Economic_growth is “Low”  
THEN Risk Level is “Acceptable”  
IF  Cereal_yield is “High” and Cereal_production  is “Low” and Economic_growth is “High”  
THEN Risk Level is “Severe” 
IF  Cereal_yield is “High” and Cereal_production  is “Low” and Economic_growth is “Normal”  
THEN Risk Level is “Severe” 
IF  Cereal_yield is “High” and Cereal_production  is “Low” and Economic_growth is “Low”  
THEN Risk Level is “Severe”  
IF  Cereal_yield is “Normal” and Cereal_production  is “High” and Economic_growth is “High”  
THEN Risk Level  is “Severe” 
IF  Cereal_yield is “Normal” and Cereal_production  is “High” and Economic_growth is “Normal”  
THEN Risk Level  is “Acceptable” 
IF  Cereal_yield is “Normal” and Cereal_production  is “High” and Economic_growth is “Low”  
THEN Risk Level  is “Acceptable”  
IF  Cereal_yield is “Normal” and Cereal_production  is “Normal” and Economic_growth is “High”  
THEN Risk Level is “Acceptable”  
IF  Cereal_yield is “Normal” and Cereal_production  is “Normal” and Economic_growth is “Normal”  
THEN Risk Level is “Good”  
IF  Cereal_yield is “Normal” and Cereal_production  is “Normal” and Economic_growth is “Low”  
THEN Risk Level is “Good” 
IF  Cereal_yield is “Normal” and Cereal_production  is “Low” and Economic_growth is “High”  
THEN Risk Level is “Severe” 
IF  Cereal_yield is “Normal” and Cereal_production  is “Low” and Economic_growth is “Normal”  
THEN Risk Level is “Acceptable” 
IF  Cereal_yield is “Normal” and Cereal_production  is “Low” and Economic_growth is “Low”  
THEN Risk Level is “Severe”  
IF  Cereal_yield is “Low” and Cereal_production  is “High” and Economic_growth is “High”  
THEN Risk Level  is “Severe” 
IF  Cereal_yield is “Low” and Cereal_production  is “High” and Economic_growth is “Normal”  
THEN Risk Level  is “Severe” 
IF  Cereal_yield is “Low” and Cereal_production  is “High” and Economic_growth is “Low”  
THEN Risk Level  is “Severe”  
IF  Cereal_yield is “Low” and Cereal_production  is “Normal” and Economic_growth is “High”  
THEN Risk Level is “Severe”  
IF  Cereal_yield is “Low” and Cereal_production  is “Normal” and Economic_growth is “Normal”  
THEN Risk Level is “Acceptable” 
IF  Cereal_yield is “Low” and Cereal_production  is “Normal” and Economic_growth is “Low”  
THEN Risk Level is “Acceptable” 
IF  Cereal_yield is “Low” and Cereal_production  is “Low” and Economic_growth is “High”  
THEN Risk Level is “Severe” 
IF  Cereal_yield is “Low” and Cereal_production  is “Low” and Economic_growth is “Normal”  
THEN Risk Level is “Severe” 
IF  Cereal_yield is “Low” and Cereal_production  is “Low” and Economic_growth is “Low”  
THEN Risk Level is “Acceptable”  
 Fig. 3. Fuzzy knowledge base. 
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Fig. 4. Type-2 Fuzzy system architecture 
 
Fig. 5. The plots of food security risk level for the years 1961-2012 using type-2 fuzzy system (solid line)  
and type-1 fuzzy system (dashed line). 
The relationship between input and output variables are represented by fuzzy rule base.  It was found that high 
cereal yield and high cereal production lead to the high level of food security.  It can be observed even economic 
growth is low. But if the quantities of cereal yield and cereal production are low there may not be enough food. 
Using real annual historical data between the 1961 and 2012 years in Turkey26 and type-2 fuzzy system the risk level 
of food security is determined. For comparison purpose using the rule base given in Fig. 3. a type-1 fuzzy system is 
also designed. The changes of the risk levels for type 1 and type 2 fuzzy systems are depicted in Fig. 5. The risky 
level of food security is acceptable between 0 and 0.8. It was obvious that the food security risk level is acceptable 
in all the time period for both systems. As shown from the figure the results given by type-2 fuzzy system is more 
reliable than other one. 
Fuzzification Inference 
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Type 
Reduction 
Defuzzification Input Output 
Fuzzy Rule 
Base 
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4. Conclusion 
In this paper type-2 fuzzy system is designed for the determination the risk level of food security. For this aim, 
the input parameters affecting the food security have been selected. Using type-2 fuzzy set the knowledge base 
demonstrating the relationship between input and output variables of food security is designed. Using interval type-2 
fuzzy set the inference engine is designed. The system is used for prediction the risk level of food security of 
Turkey. Statistical data of Turkey is applied to the system for prediction the food security risk level. The obtained 
results demonstrate the applicability of the designed system 
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